Abstract Sudden unexpected postoperative hemodynamic collapse with a high mortality develops in 1-3% of patients undergoing coronary artery bypass surgery (CABG). The contribution of surgical graft complications to this serious condition is poorly known and their demonstration at autopsy is a challenging task. Isolated CABG was performed in 8,807 patients during 1988-1999. Of the patients, 76 (0.9%) developed sudden postoperative hemodynamic collapse resulting in subsequent emergency reopening of the median sternotomy and open cardiac massage. Further emergency reoperation could be performed in 62 (82%) whereas 14 patients died prior to reoperation and a further 21 did not survive the reoperation or died a few days later. All 35 (46%) patients who did not survive were subjected to medico-legal autopsy combined with postmortem cast angiography. By combining clinical data with autopsy and angiography data, various types of graft complications were observed in 27 (36%, 1.3 per patient) of the 76 patients with hemodynamic collapse. There were no significant differences in the frequency (33 vs. 40%) or number of complicated grafts per patient (1.2 vs. 1.4) between those who survived reoperation and who did not. Autopsy detected 25 major and minor findings not diagnosed clinically. Postmortem cast angiography visualized 2 graft twists not possible to detect by autopsy dissection only. Surgical graft complications were the most frequent single cause for sudden postoperative hemodynamic collapse in CABG patients leading to a fatal outcome in almost half of the cases. Postmortem angiography improved the accuracy of autopsy diagnostics of graft complications.
Introduction
Improvements in operative techniques and perioperative management in coronary artery bypass grafting (CABG) have decreased mortality and morbidity depending on surgical procedures and the risk profile of the patient [1] . Recently, it was reported that 13 (7%) of the patients in a large series comprising 114,233 CABG patients experienced major complications [2] . Because patients have more optimistic expectations about the benefits of coronary revascularization than the surgeon offering the procedure [3] , unexpected complications may lead to litigations and malpractice claims, especially in cases with an unexpected fatal outcome. This may be one reason for the reluctance to revascularize the highest-risk cardiac patients, when operator-specific mortality statistics were made public [4] , even though this has not been confirmed unambiguously [5] . Not surprisingly, it is hard to find reports on e.g. the contribution of surgical failures to the fatal outcome of the CABG patient [6, 7] .
In conventional CABG using cardiopulmonary bypass (CPB), the incidence of sudden unexpected postoperative hemodynamic collapse has been reported to range from 0.7 to 3% and to be associated with 30-50% mortality [8] [9] [10] [11] . Postoperative myocardial ischemia, myocardial infarction and/or arrhythmias often precede the development of hemodynamic collapse [8, 9, 12] . Immediate resternotomy with open cardiac compression and appropriate surgical procedures including additional bypass grafting may result in patient survival [8, 11, 13] .
Only a few reports deal with detailed descriptions of surgical failures or complications or autopsy findings in cardiac surgery [7, 14, 15] . In one report, surgical complications were found to contribute to the death of 8 (4.8%) patients in a series of 167 autopsies performed on cardiac surgery patients with a fatal outcome [7] . These complications included vein graft thrombosis, aortic dissection due to clamping, and retroperitoneal hemorrhage due to intra-aortic balloon pump and liver capsule tear during insertion of a chest drain. Early graft occlusion is also suggested as a frequent underlying cause of hemodynamic collapse [6, 8, 9] , but its prevalence is unknown.
The aim of this study was to study the incidence and causes of surgical failures and complications in the primary cardiac operation in patients with postoperative hemodynamic collapse resulting in emergency resternotomy and open cardiac massage. Clinical data were combined with careful autopsy dissection and postmortem cast angiographic visualization of the coronaries and grafts.
Patients and methods
A total of 8,807 patients underwent CABG without additional cardiac procedures in the primary operation between 1988 and 1999, with 162 (1.8%) having a fatal outcome. Cases with sudden postoperative hemodynamic collapse and subsequent emergency reopening of the median sternotomy during postoperative intensive care unit treatment were singled out from the hospital reports and analyzed retrospectively. Patients with hemorrhage or pericardial tamponade were excluded from the study.
A total of 76 (0.9%) patients fulfilled the criteria above and were included in the study. Preoperative patient description is given in Table 1 . All patients had undergone conventional CABG with CPB and cardiac arrest with the exception of one patient who was operated on using CPB on beating heart. St. Thomas cold crystalloid cardioplegia and moderate hypothermia were used to protect the myocardium during surgery. Medico-legal autopsies in all cases with a fatal outcome were performed according to national law. In postoperative autopsies, a postmortem cast angiographic technique using solidifying silicone rubber with lead oxide as a contrast medium was routinely applied [6] . Autopsy reports were retrieved and re-analyzed. An experienced cardiac surgeon in addition to the first author reanalyzed clinical and postmortem angiographies. A plain graft thrombosis as such was not considered as a surgical complication. A surgical graft complication was a narrow or occluded anastomosis, graft twisting or dissection of the site of anastomosis.
The study was accepted by the institutional ethics committee and was performed in accordance with the ethical standards in the 1964 Declaration of Helsinki.
Statistics
Data is presented as percentages of cases or as means ± standard deviation. Fisher's exact test was used to compare the differences between patient groups. A P value of less than 0.05 was considered statistically significant.
Results
The time of sudden hemodynamic collapse and subsequent emergency reopening of the median sternotomy with open cardiac compression was 8.1 ± 1.6 h (range 0.17-91 h) after primary cardiac surgery. Of the 76 study patients, 62 (81.6%) underwent further immediate reoperation whereas 14 (18.4%) did not respond to the open cardiac massage and died prior to reoperation. Of those 62 who underwent an emergency reoperation 5 patients died on the operation table and a further 16 patients died later, 6.0 ± 1.2 days after the primary operation. Thus, of the 76 patients 41 (53.9%) survived, whereas altogether 35 (46.1%) patients suffered in-hospital death 5.1 ± 0.8 days after the primary cardiac procedure.
In the 62 emergency reoperations, 42 (67.7%) patients received additional grafts and/or underwent graft repair.
Graft complications
Autopsy revealed myocardial findings in almost all those who suffered a fatal outcome (Table 2 ). In autopsy dissection findings and clinical operative findings, altogether (Table 3. ). In one patient, postmortem angiographic finding of an occluded anastomosis turned out to be a narrowed anastomosis with minor thrombosis at autopsy dissection. In addition, of the 7 (9.2%) patients with preoperative acute myocardial infarction, graft complications were found in 2 of the 4 patients with a fatal outcome. In 3 patients postmortem angiography was not performed and in these cases the results are based on autopsy dissection only. In these autopsies, all grafts were considered technically intact, though in one patient all 3 venous grafts were thrombosed. In this patient one graft with occluded anastomoses had been replaced by a new graft in the emergency reoperation.
Among the patients who did not survive, clinical observation of a pulmonary complication prior to death was made in 3 (8.6%). Autopsy confirmed pulmonary edema in 20 (57.1%) cases. In 9 (25.7%) patients neurological complications were detected prior to death, and autopsy revealed cerebral complications in 10 (28.6%). Clinically 5 (14.3%) patients were anuric, whereas in autopsies renal infarction was found in 2 (5.7%) patients.
The underlying cause of death was considered cardiac in each case. The most common immediate cause of death turned out to be acute myocardial infarction in 29 (82.9%) patients. Multiorgan failure developed in 9 (25.7%) patients (Table 4) .
Discussion
This study confirms that a hemodynamic collapse following CABG during the immediate postoperative course is a serious complication with a hospital mortality comprising almost half of the patients [8] [9] [10] [11] . In our study one third of the patients and 40% of those who died had some technical graft complication, which seems to be the major underlying cause of the hemodynamic collapse. This figure was slightly lower than in our previous report with detailed autopsy examination, in which association of graft complications to death was 54.7% [6] . The minor discrepancy is explained by the fact that in our previous report all graft thromboses, even those with patent anastomoses and without twisting and kinking, were classified as graft complications, whereas in the present report we counted only technical failures causing thrombosis as graft complications. Death due to myocardial infarction was found in the majority of the patients and it seemed to associate frequently with intra-operative and/or autopsy findings of surgical graft failures.
In a previous study [7] , the frequency of surgical failures was 4.8% which is a significantly lower figure compared to our results. This difference may be due to use of postmortem cast angiography, which gives detailed data on the condition of the grafts and the tightness of the anastomoses [6] . It has also been used to detect main cerebral artery thromboses with a sensitivity of 92% [16] , and to visualize complications after abdominal surgery [17] . However, careful dissection of the coronary arteries and grafts can still not be replaced by postmortem angiography only to obtain detailed data on the complication site. The study highlights the value of an autopsy in postoperative deaths following cardiac surgery. Suspected or possible surgical malpractice is one of the indications of a medico-legal autopsy in Finland, and that is why our postoperative autopsy rate is 100%. There are some reports with autopsy rates as high as 84-88% [7, 14] . However, discrepancies between clinical and autopsy studies are also reported in studies with lower (24.5%) autopsy rates [15] . Autopsy reveals an unsuspected cause of death in 7-15% [7, 14, 15, 18] , but it has also been reported to fail in providing an exact diagnosis in 14-25% of cases [14, 15] , in contrast to our study where the cause of death was revealed in all cases.
Aside from perioperative myocardial infarction, a main contributing factor seemed to be pulmonary edema, which may develop rapidly as a consequence of cardiac failure or during cardiac resuscitation with rapid fluid filling of the patient, especially in those who died immediately. However, pulmonary edema and cerebral infarction or ischemic cerebral edema were more common among those who died later, after the emergency reoperation. As expected, multiorgan failure developed in those patients who died after the reoperation, and in those who died immediately due to hemodynamic collapse but had survived several days prior to collapse.
A medico-legal autopsy performed by an unbiased professional convinces the relatives of a neutral investigation of the operative death. In most cases the cause of death is ascertained [7, 14, 15, 18] , as in the present study. In addition, the rights of the deceased, the relatives, and the surgeon are better protected, when an autopsy is performed. This might also result in decreased litigation. In this study there were no legal consequences, even in cases with operative complications resulting in death.
Our results suggest that technical graft complications are a frequent underlying cause of sudden postoperative hemodynamic collapse after CABG resulting in a fatal outcome in almost half of the patients. As well as categorical application of postoperative autopsies, our results also demonstrate that postmortem angiography improves the diagnostics of graft complications and is useful to combine with postoperative autopsy dissection.
Key points
1. Hemodynamic collapse resulting in subsequent emergency reoperation and open cardiac massage after coronary artery bypass surgery is fatal in almost half of the cases (46%). 2. Techincal graft complication is a major (36%) underlying cause for postoperative hemodynamic collapse following coronary artery bypass surgery. 3. Post-mortem angiography improves the accuracy of autopsy diagnostics of graft complications in cases with fatal outcome following coronary artery bypass surgery. 4. Cause of death can be revealed in every case after fatal outcome following coronary artery bypass surgery. 5. Medico-legal autopsy by an unbiassed professional provides neutral investigation and results in complete report of the death.
